We address two selection effects that operate on samples of gravitationally lensed dusty galaxies identified in millimeter-and submillimeter-wavelength surveys. First, we point out the existence of a "size bias" in such samples: due to finite source effects, sources with higher observed fluxes are increasingly biased towards more compact objects. Second, we examine the effect of differential lensing in individual lens systems by modeling each source as a compact core embedded in an extended diffuse halo. Considering the ratio of magnifications in these two components, we find that at high overall magnifications the compact component is amplified by a much larger factor than the diffuse component, but at intermediate magnifications (∼10) the probability of a larger magnification for the extended region is higher. Lens models determined from multi-frequency resolved imaging data are crucial to correct for this effect.
INTRODUCTION
Surveys of the extragalactic sky at millimeter and submillimeter wavelengths have identified an optically dim galaxy population in which rapid, obscured star formation powers far infrared (FIR) luminosities occasionally exceeding 10 13 L ⊙ (e.g., Smail et al. 1997; Barger et al. 1998; Hughes et al. 1998; Eales et al. 1999) . Surveys of these sources at 850 um using SCUBA were confusionlimited, with several thousand sources per square degree at mJy-level fluxes (Coppin et al. 2006) . The source density falls steeply with increasing flux: at 850 µm there are only a handful of sources per square degree above 10 mJy (Coppin et al. 2006) . In the first millimeter-wavelength survey to cover tens of square degrees with similar sensitivity, Vieira et al. (2010) found that the rarest objects (< 1 deg −2 ) are far more abundant than would be expected from the extrapolation of lower flux density sources. Such a population is a natural consequence of the gravitational lensing of intrinsically fainter galaxies by intervening galaxies and galaxy clusters (Negrello et al. 2007; Hezaveh & Holder 2011; Béthermin et al. 2011) , and thus the selection of very bright submillimeter sources from large area surveys has proven to be an efficient way to identify highly-magnified objects (Negrello et al. 2010) .
The gravitational magnification of these sources allows them to be examined in more detail: they are seen at improved source-plane resolution (due to the magnification from gravitational lensing), allowing the study of the star formation process on the scale of giant molecular clouds (Swinbank et al. 2010a ); furthermore, the overall increase in flux allows higher signalto-noise measurements of the spectral energy distribution (SED) and molecular lines (Riechers et al. 2010 ; Lestrade et al. 2011; Frayer et al. 2011; Cox et al. 2011; Lupu et al. 2010) , which can be used as diagnostics of the gas conditions.
Because gravitational lensing is a geometric effect, a given position in the lensed object will be magnified equally at all wavelengths. However, the finite extent of the background galaxy will result in variations in the magnification applied to different regions within the galaxy (Blandford & Narayan 1992) ; the observed SED (e.g., Blain 1999), as well as ratios of spectral lines (e.g., Downes et al. 1995) , will be distorted by this differential magnification if there are spatial variations in the physical conditions within the source.
The interpretation of observations of gravitationally magnified submillimeter galaxies (SMGs) are necessarily complicated by this possibility of differential magnification. Blain (1999) explained the excess mid-IR emission in some lensed SMGs through preferential magnification of compact hot regions, which can flatten the observed spectrum at wavelengths shorter than the SED peak and thereby increase the inferred temperature and luminosity of the source. As shown below, a variety of effects are possible, with the possibility of preferentially magnifying either compact or diffuse regions, depending on the relative position of source and lens.
The sensitivity advantages associated with observing lensed sources will make these galaxies prime targets for studying the physics of SMGs. However, biases introduced by the selection of lensed galaxies must be considered carefully when extrapolating physical properties (e.g., temperatures, luminosities, sizes) determined from these samples to the SMG population as a whole.
In this paper we consider two effects that operate in lensed SMG populations selected by their high flux in millimeter and submillimeter surveys. First, we use population models for SMGs, previously published in Hezaveh & Holder (2011) , to examine the total magnification present in such samples and point out the possibility of a strong size bias that such selection introduces. Second, we examine the differential magnification of a two-component galaxy model as a function of properties of the source, lens, and the source-lens alignment.
For all calculations below, we assume a spatially flat universe with Ω m = 0.222, h = 0.71, n s = 0.96, and σ 8 = 0.801. Hezaveh & Holder (2011) reproduced the observed abundance of bright SMGs at 1.4 mm by combining models of the redshift distribution of SMGs (Lacey et al. 2010; Marsden et al. 2011 ) and a population of elliptical lenses with masses described by the Sheth & Tormen (1999) mass function. For our examination of the population of lensed SMGs, we adopt the Hezaveh & Holder (2011) model, with the underlying SMG population described by the semi-analytic model of (Lacey et al. 2010) . The lensing magnification probability distribution is calculated as a function of source size by numerically calculating the lensing cross-section for a particular source size. Hezaveh & Holder (2011) assumed a mean source size and hence used a single lensing probability which was applied to the number counts. In this work we are examining the effect of the natural size distribution of the SMGs on the observed number counts and hence apply four lensing probability functions corresponding to four different source sizes. We simply assume a source population consisting equally of point sources (small enough to avoid magnification damping effects at the 1-100 range for galaxy mass lenses), and sources with radii of 1.0, 3.0, and 8.0 kpc and study their apparent relative abundance after lensing. Such sizes have been measured in resolved SMGs (e.g., Tacconi et al. 2008 ).
MODEL PARAMETERS

Population Modeling
Lens Models
For the purpose of studying the effects of differential lensing of a single lens system we use our ray-tracing code to simulate lensed images of extended sources. We model our lens as a Singular Isothermal Ellipsoid defined by its mass, ellipticity and angle and place the lens at z d = 0.5. The source is modeled with a slightly elliptical morphology as a two component model consisting of an extended component and an inner core with the ratio of the outer radii defined as α R = R core /R ext . The unlensed flux ratio of the two components is defined as β F = F core /F ext = 1 and the total flux F T is simply the sum of the two component fluxes. After placing this source behind a lens the total magnification µ T is defined as the ratio of the lensed to unlensed flux of the source and β ′ F is the observed flux ratio of the two components.
This morphology is motivated by the star forming structures observed in galaxies, which typically include large reservoirs of cold dust (extended component) in addition to small clumps of hot dust (core) in the vicinity of star forming regions (Pohlen et al. 2010; Haan et al. 2011) . Although real galaxies may host multiple clumps with spatial offsets relative to the cold dust, this simple model can demonstrate the systematic effects caused by differential lensing of more complex sources. Figure 1 the distribution of source magnifications in the population of SMGs at two different observed flux densities. Green, blue, red, and cyan curves (bottom to top) correspond to point sources, and sources with radii of 1, 3, and 8 kpc, respectively. Solid curves show the magnification distributions at observed flux cut of 25 mJy and the dashed curves show the distribution at 2.5 mJy. For typical SMG spectra, these observed flux densities roughly correspond to 350 and 35 mJy for Herschel surveys selecting sources at λ=500 µm. Unmagnified sources are excluded. The high magnification sources are an increasing fraction of the sources at the highest flux densities. 
RESULTS
We applied the models to investigate two related but separate effects: 1) given some dispersion in intrinsic source sizes, how does selecting the brightest lenses affect the inferred source size distribution; 2) for a single multi-component source (modeled here as one small emission region embedded in a larger emission region), how does lensing selection affect the relative amount of flux received from regions of different sizes?
3.1. Size Selection The modeling shown in Figure 1 demonstrates that the distribution of source sizes derived from samples of lensed objects are unlikely to be representative of the underlying source size distribution. Starting from a population of sources that are equally distributed among four sizes (Section 2.1), we find that the selection of millimeterbright sources (> 10 mJy at 1.4 mm) introduces a strong selection bias toward the most compact sources. Compact sources can therefore be expected to be overrepresented by a factor of two or more in a survey with a high flux density threshold, while larger sources would be nearly completely missed.
This result is not trivial, as it represents the balance between the higher total magnification achievable for a compact source and the lower probability of aligning the compact source with a lensing caustic to achieve high magnification. Figure 1 demonstrates that the bias persists across a range of realistic lens ellipticities, with a stronger bias toward compact objects for more elliptical lensing potentials. The ellipticities of real lenses will be distributed through and beyond the ǫ = 0.1 − 0.3 range shown, and this unknown distribution function would be required in order to predict a robust correction for the size bias in observed populations.
The preference for compact sources at the highest flux densities can be explained by examining the distribution of magnification in the lensed population as a function of observed flux density (Figure 2 ). At larger observed flux densities, the distribution of source magnifications in the lensed sample (unlensed sources are excluded) shifts to larger values. The distribution of magnifications is dependent on many aspects of the source population model and the distribution of lensing halo shapes and masses. However, the basic conclusion that sources of the highest observed flux density are dominated by highmagnification sources is robust. The brightest sources are drawn from a wide range of intrinsic fluxes or, equivalently, objects of the same observed flux will derive from a wide range in µ. A sample of sources with a high flux density threshold will best identify very high magnification sources, which also provides the highest source-plane spatial resolution for studying the ISM on small scales in these distant galaxies.
We also study the possible effect of the clumpiness of the source light profile on lensed number counts. Highspatial resolution observations have shown that luminous SMGs are composed of a few star forming knots (Swinbank et al. 2010b) . Since each knot is smaller in size than the overall extent of the galaxy, it is possible that the probability of achieving high magnification will change significantly with the size of the knot. To study this effect we calculate the magnification cross-section, the solid angle in the lens plane over which the magnification will exceed a given value, for a source of roughly fixed size (1 kpc radius) but broken into clumps of five different sizes, radii of 1 kpc, and 500, 200, 100, and 50 pc.
In Figure 3 , we compare the lensing cross-section for the various source morphologies. In the left panel, where for each clump size we distribute them over the entire region covered by the 1 kpc source, we find that the clumpiness of the emission has very little impact on the overall lensing magnification. The clumps sample the same region of the lens as the single source, so the magnification averaged over the ensemble of clumps is similar to that for the single source. In the right panel, we divide the 1 kpc source into just six clumps of different sizes. The sparser sampling of the lens leads to small but measurable disparities in the magnification cross section between the models with different clump sizes. The smallest clumps have the largest possible magnifications, but also have a reduced cross section between µ = 10 and 20 for this combination of clump and lens geometry. Together, these tests demonstrate that the total extent of the background galaxy, rather than its division into clumps, is primarily responsible for determining how likely it is to be lensed, with the small scale structure having some impact on the total magnification.
Differential Magnification
The selection of high-magnification sources assures close alignment between the lensing caustics and regions of bright emission on the SMG. This increases the importance of the differential magnification effect, which is demonstrated in Figure 4 . Here, adjacent compact regions that straddle the tangential caustic differ in magnification by a factor of three, while the total magnification of the extended component that surrounds them is comparable to the magnification of the brightest component. For real sources that are a composite of multiple components of significantly varying conditions, the effects of differential magnification on the observed SED and spectral line ratios can be dramatic (Serjeant 2012 Starting from the simple source structure described in Section 2.2, we consider lensing effects for several galaxy and lens variations in Figure 5 . A fiducial model with ǫ = 0.3, α R = 1/8, and intrinsic flux ratio β F = 1 is shown in the top left. The source plane is shown, the color scale represents the (log 10 ) observed flux ratio, corresponding to the ratio of magnifications (β ′ F ) of the two components as a function of the source-lens alignment. The ratio varies by a factor > 10 across this image, including substantial area over which the extended component can be accentuated by a factor of several.
The lens and source parameters both strongly affect the observed ratios. The top left and right panels show that in a less elliptical lens, the magnification ratio varies in a smaller region. The similarity between the size of the diamond caustic and the "core" emission component results in less variation in the magnification ratio across the source. The left panels demonstrate that making the sizes of the two components more similar decreases the variations in magnification ratio. Increasing the size of the whole source (lower right) slows the rate of change of the magnification ratio. The red contour in each plot shows the curve of constant µ T that connects the points of minimum β ′ F . This curve is always very close to the caustic, where slight changes in source-lens alignment can mean dramatic changes in magnification ratio.
The probability distribution for β ′ F at fixed µ T is shown in Figure 6 , for the model in the top left panel of Figure 5 . At moderate magnifications, the extended component is often magnified by a larger factor, while the highest magnifications over emphasize the core but with a large range in amplitude. Considering Figures 2 and 5 together, we see that for a sample selected with a high flux density limit, the distortion of the SED cannot be assumed to be understood.
A more optimistic view of the situation can be taken from Figure 5 . A good lens model can greatly reduce the uncertainty in the magnification distribution across the source. Regions where the flux is dominated by the diffuse component are confined to those areas just outside the "diamond caustic" that are well-separated from the cusps. High-resolution imaging with ALMA or Hubble Space Telescope will provide lens models that will be useful for these purposes. While it would be preferable to have high-resolution imaging at all frequencies, for simple questions about whether the flux is dominated by the compact or diffuse regions it could be sufficient to have a good lens model at a single frequency. More advanced inferences are available with multiple wavelengths of resolved imaging or by assuming a physically motivated size structure (e.g., Blain 1999).
CONCLUSION
Strongly lensed SMGs permit close examination of these rapidly star-forming galaxies with short integration times. However, the selection of lensed objects and the strong lensing itself introduce biases that must be considered when interpreting the observed galaxy properties.
We have demonstrated that strongly lensed SMGs selected by a flux cut in wide surveys are affected by a "size bias". They are more likely to include more compact galaxies, which correspond to higher surface brightness sources at a given unlensed flux. More specifically, as one probes samples with higher observed flux the distribution of the size of the sources is increasingly skewed toward more compact objects.
We have also studied the effects of differential lensing of SMGs. We model the SMGs as having two components, a compact core embedded in a more extended region, and measure the relative flux of these components in the presence of strong lensing. We find that the relative gain for compact and extended components depends sensitively on the source-lens alignment. At high total magnifications the observed emission from the compact core is amplified by a larger factor relative to the emission from the diffuse region. At intermediate magnifications (e.g., µ ∼ 10), the situation is often reversed with the diffuse emission being magnified by a larger factor. A similar range of effects can be expected for spectral lines.
This suggests that without applying the required corrections from lens models, the SED and the ratios of molecular lines could be significantly biased. Fortunately, the relative magnification of the compact and extended regions depends on the geometry of the caustics and the source-lens alignment in a highly regular manner. This effect can therefore be well understood by constructing reliable lens models for each source, which will require spatially resolved imaging data. and Joaquin Vieira for useful discussions. As this work neared completion we became aware of another manuscript (Serjeant 2012 ) that investigates related issues.
